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(54) Title: CHLAMYDIA TRACHOMATIS GENOMIC SEQUENCE AND POLYPEPTIDES, FRAGMENTS THEREOF AND USES 
THEREOF, IN PARTICULAR FOR THE DIAGNOSIS, PREVENTION AND TREATMENT OF INFECTION 

(57) Abstract 

The subject of the invention is the genomic sequence and the nucleotide sequences encoding polypeptides of Chlamydia trachomatis, 
such as cellular envelope polypeptides, which are secreted or specific, or which are involved in metabolism, in the replication process or 
in virulence, polypeptides encoded by such sequences, as well as vectors including the said sequences and cells or animals transformed 
with these vectors. The invention also relates to transcriptional gene products of the Chlamydia trachomatis genome, such as, for example, 
antisense and ribozyme molecules, which can be used to control growth of the microorganism. The invention also relates to methods 
of detecting these nucleic acids or polypeptides and kits for diagnosing Chlamydia trachomatis infection. The invention also relates to a 
method of selecting compounds capable of modulating bacterial infection and a method for the biosynthesis or biodegradation of molecules 
of interest using the said nucleotide sequences or the said polypeptides. The invention finally comprises, pharmaceutical, in particular 
vaccine, compositions for the prevention and/or treatment of bacterial, in particular Chlamydia trachomatis, infections. 
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The DNA sequence encoding the antigenic polypeptide and regulatory element may 
be inserted into a stable cell line or cloned microorganism, using techniques, such as targeted 
homologous recombination, which are well known to those of skill in the art, and described e.g. y in 
Chappel, U.S. Patent No. 4,215,051; Skoultchi, WO 91/06667 each of which is incorporated herein by 
5 reference in its entirety. 

Such cell lines and microorganisms may be formulated for vaccine purposes. In yet 
another embodiment, the DNA sequence encoding the antigenic polypeptide and regulatory element 
may be delivered to a mammalian host and introduced into the host genome via homologous 
recombination (See, Chappel, U.S. Patent No. 4,215,051; Skoultchi, WO 91/06667 each of which is 
1 0 incorporated herein by reference in its entirety. 

Preferably, the immunogenic and/or vaccine compositions according to the invention 
intended for the prevention and/or the treatment of an infection by Chlamydia pneumoniae or by an 
associated microorganism will be chosen from the immunogenic and/or vaccine compositions 
comprising a polypeptide or one of its representative fragments corresponding to a protein, or one of 
15 its representative fragments, of the cellular envelope of Chlamydia pneumoniae. The vaccine 
compositions comprising nucleotide sequences will also preferably comprise nucleotide sequences 
encoding a polypeptide or one of its representative fragments corresponding to a protein, or one of its 
representative fragments, of the cellular envelope of Chlamydia pneumoniae. 

Among these preferred immunogenic and/or vaccine compositions, the most preferred are 

2 0 those comprising a polypeptide or one of its representative fragments, or a nucleotide sequence or one 

of its representative fragments whose sequences are chosen from the nucleotide or amino acid 
sequences identified in this functional group and listed above. 

The polypeptides of the invention or their representative fragments entering into the 
immunogenic compositions according to the invention may be selected by techniques known to 
25 persons skilled in the art, such as for example on the capacity of the said polypeptides to stimulate T 
cells, which results, for example, in their proliferation or the secretion of interleukins, and which leads 
to the production of antibodies directed against the said polypeptides. 

In mice, in which a weight dose of the vaccine composition comparable to the dose used 
in humans is administered, the antibody reaction is tested by collecting serum followed by a study of 

3 0 the formation of a complex between the antibodies present in the serum and the antigen of the vaccine 

composition, according to the customary techniques. 

According to the invention, the said vaccine compositions will be preferably in 
combination with a pharmaceutically acceptable vehicle and, where appropriate, with one or more 
appropriate immunity adjuvants. 
3 5 , Various types of vaccines are currently available for protecting humans against infectious 

diseases: attenuated live microorganisms (M. bovis - BGG for tuberculosis), inactivated 
microorganisms (influenza virus), acellular extracts (Bordetella pertussis for whooping cough), 
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recombinant proteins (hepatitis B virus surface antigen), polysaccharides (pneumococci). 
Experiments are underway on vaccines prepared from synthetic peptides or from geneticaUy modified 
microorganisms expressing heterologous antigens. Even more recently, recombinant plasmid DNAs 
carrying genes encoding protective antigens were proposed as an alternative vaccine strategy. This 
5 type of vaccination is carried out with a particular plasmid derived from an E. coli plasmid which does 
not replicate in vivo and which encodes only the vaccinal protein. Animals were immunized by simply 
injecting the naked plasmid DNA into the muscle. This technique leads to the expression of the 
vaccine protein in situ and to a cell-type (CTL) and a humoral type (antibody) immune response. This 
double induction of the immune response is one of the main advantages of the technique of 

1 0 vaccination with naked DNA. 

The vaccine compositions of the present invention can be evaluated in in vitro and in vivo 
animal models prior to host, e^, human, administration. For example, in vitro neutralization assays 
such as those described by Peterson et al. (1988) can be utilized. The assay described by Peterson et 
al. (1988) is suitable for testing vaccine compositions directed toward either Chlamydia pneumoniae 

15 or Chlamydia trachomatis. 

Briefly, hyper-immune antisera is diluted in PBS containing 5% guinea pig serum, as a 
complement source. Chlamydiae (10 4 IFU; infectious units) are added to the antisera dilutions. The 
antigen-antibody mixtures are incubated at 37EC for 45 minutes and inoculated into duplicate 
confluent Hep-2 or HeLa cell monolayers contained in glass vials (e^, 15 by 45 mm), which have 

2 0 been washed twice with PBS prior to inoculation. The monolayer cells are infected by centrifugation 
at 1000X g for 1 hour followed by stationary incubation at 37E for 1 hour. Infected monolayers are 
incubated for 48 or 72 hours, fixed and stained with a Chlamydiae specific antibody, such as anti- 
MOMP for Ctrachomatis, etc. IFUs are counted in ten fields at a magnification of 200X. 
Neutralization titer is assigned based on the dilution that gives 50% inhibition as compared to control 

2 5 monolayers/IFU. 

The efficacy of vaccine compositions can be determined in vivo by challenging animal 
models of Chlamydia pneumoniae infection, mice or rabbits, with the vaccine compositions. For 
example, in vivo vaccine composition challenge studies can be performed in the murine model of 
Chlamydia pneumonia infection described by Moazed et al. (1997). Briefly, male homozygous apoE 

30 deficient and/or C57 BL/6J mice are immunized with vaccine compositions. Post-vaccination, the 
mice are mildly sedated by subcutaneous injection of a mixture of ketamine and xylazine, and 
inoculated intranasally with a total volume of 0.03-0.05 ml of organisms suspended in SPG medium or 
with SPG alone, The inoculations of Chlamydia pneumoniae are approximately 3xl0 7 IFU/mouse. 
The mice are inoculated with Chlamydia pneumoniae at 8, 10, and 12 weeks of age. Tissues are then 

35 collected from the lung, spleen, heart, etc. at 1-20 weeks after the first inoculation. The presence of 
organisms is scored using PCR, histology and immunocytochemistry, or by quantitative culture/IFU 
after tissue homogenization. 
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Alternatively, in vivo vaccine composition challenge studies can be performed 
in the rabbit model of Chlamydia pneumoniae described by Laitinen et al. (1997). Briefly, New 
Zealand white rabbits (5 months old) are immunized with the vaccine compositions. Post- vaccination, 
the rabbits are sedated with Hypnorm, 0.3 ml/Kg of body weight, intramuscularly, and inoculated 
5 intranasally with a total of 0.5 ml of Chlamydia pneumoniae suspended in SPG medium or with SPG 
alone. The inoculations of Chlamydia pneumoniae are approximately 3xl0 7 IFU/rabbit. The rabbits 
are reinfected in the same manner and with the same dose 3 weeks after the primary inoculation. 
Tissues are then collected 2 weeks after the primary infection and 1, 2, and 4 weeks after the 
reinfection. The presence of Chlamydia pneumoniae is scored using PCR, histology and 
1 0 immunocytochemistry, or by quantitative culture/IFU after tissue homogenization. 

The vaccine compositions comprising nucleotide sequences or vectors into which the said 
sequences are inserted are in particular described in International Application No. WO 90/11092 and 
also in International Application No. WO 95/1 1307. 

The nucleotide sequence constituting the vaccine composition according to the invention 
15 may be injected into the host after having been coupled to compounds which promote the penetration 
of this polynucleotide inside the cell or its transport up to the cell nucleus. The resulting conjugates 
may be encapsulated into polymeric microparticles, as described in International Application No, 
WO 94/27238 (Medisorb Technologies International). 

According to another embodiment of the vaccine composition according to the invention, 

2 0 the nucleotide sequence, preferably a DNA, is complexed with the DEAE-dextran (Pagano et al., 

1967) or with nuclear proteins (Kaneda et al., 1989), with lipids (Feigner et al, 1987) or encapsulated 
into liposomes (Fraley et al., 1980) or alternatively introduced in the form of a gel facilitating its 
transfection into the cells (Midoux et al., 1993, Pastore et al., 1994). The polynucleotide or the vector 
according to the invention may also be in suspension in a buffer solution or may be combined with 
25 liposomes. 

Advantageously, such a vaccine will be prepared in accordance with the technique 
described by Tacson et al. or Huygen et al. in 1996 or alternatively in accordance with the technique 
described by Davis et al. in International Application No. WO 95/1 1307. 

Such a vaccine may also be prepared in the form of a composition containing a vector 
30 according to the invention, placed under the control of regulatory elements allowing its expression in 
humans or animals. It is possible, for example, to use, as vector for the in vivo expression of the 
polypeptide antigen of interest, the plasmid pcDNA3 or the plasmid pcDNAl/neo, both marketed by 
Invitrogen ® & D Systems, Abingdon, United Kingdom). It is also possible to use the plasmid 
VlJns.tPA, described by Shiver et al. in 1995. Such a vaccine will advantageously comprise, in 

3 5 addition to the recombinant vector, a saline solution, for example a sodium chloride solution. 

The immunogenic compositions of the invention can also be utilized as part of methods 
for immunization, wherein such methods comprise administering to a host, e^g., a human host, an 
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immunizing amount of the immunogenic compositions of the invention. In a preferred 
embodiment, the method of immunizing is a method of immunizing against Chlamydia pneumoniae. 

A pharmaceuticaliy acceptable vehicle is understood to designate a compound or a 
combination of compounds entering into a pharmaceutical or vaccine composition which does not 
5 cause side effects and which makes it possible, for example, to facilitate the administration of the 
active compound, to increase its life and/or its efficacy in the body, to increase its solubility in solution 
or alternatively to enhance its preservation. These pharmaceuticaliy acceptable vehicles are well 
known and will be adapted by persons skilled in the art according to the nature and the mode of 
administration of the active compound chosen. 

Xo As regards the vaccine formulations, these may comprise appropriate immunity adjuvants 

which are known to persons skilled in the art, such as, for example, aluminum hydroxide, a 
representative of the family of muramyl peptides such as one of the peptide derivatives of N-acetyl- 
muramyl, a bacterial lysate, or alternatively incomplete Freund's adjuvant, Stimulon™ QS-21 (Aquila 
Biopharmaceuticals, Inc., Framingham, MA), MPL™ (3-O-deacylated monophosphoryl lipid A; RIBI 

15 ImmunoChem Research, Inc., Hamilton, MT), aluminum phosphate, IL-12 (Genetics Institute, 
Cambridge, MA). 

Preferably, these compounds will be administered by the systemic route, in particular by 
the intravenous route, by the intranasal, intramuscular, intradermal or subcutaneous route, or by the 
oral route. More preferably, the vaccine composition comprising polypeptides according to the 
2 0 invention will be administered several times, spread out over time, by the intradermal or subcutaneous 
route. 

Their optimum modes of administration, dosages and galenic forms may be determined 
according to criteria which are generally taken into account in establishing a treatment adapted to a 
patient, such as for example the patient's age or body weight, the seriousness of his general condition, 

2 5 tolerance of the treatment and the side effects observed. 

The invention comprises the use of a composition according to the invention for the 
treatment or the prevention of cardiovascular diseases, preferably linked to the presence of atheroma, 
which are induced or worsened by Chlamydia pneumoniae. 

Finally, the invention comprises the use of a composition according to the invention for 

3 0 the treatment or the prevention of respiratory diseases which are induced or worsened by the presence 

of Chlamydia pneumoniae, preferably asthma. 

Other characteristics and advantages of the invention appear in the following examples 

and figures: 



35 Legend to the figures : 

Figure 1 : Line for the production of Chlamydia pneumoniae sequences 
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